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1. Title of Invention 

System and Method For Non-Dissipative Lithium-Ion Battery 
Management 

2 . Claims 

1- System for management of charge in a battery pack (1) having a plurality 
of rechargeable cells (Ci- n ), the system comprising means for measuring 
charge (3) in each one of said plurality of rechargeable cells (C^), a 
switch matrix (2) for switching current flow to and from each one of said 
plurality of rechargeable cells and a current controlled DC-DC converter 
means (4) for providing electric charge for recharging a cell, characterized 
in that said current controlled DC-DC converter means (4) is adapted for 
extracting charge from a first cell or from an overall battery charge 
(V) and transfer said charge directly to a second cell (Cj; C p ) through said 
switching matrix (2). 

2- System of claim 1, wherein said first cell (Q) of the battery pack (1) has a 
charge level which is higher than a first predetermined level. 

3- System of claim 1 or 2, wherein said second cell (Cj; C p ) of the battery 
pack (1) has a charge level which is lower than a second predetermined 
level. 

4- System according to any of the previous claims, wherein said current 
controlled DC-DC converter means (4) is adapted for drawing electric 
energy from a cell through said switch matrix (2). 

5- System according to any of the previous claims, wherein said switch 
matrix (2) Is used for Individual cell charge measurements in cooperation 
with said charge measurement means (3). 

6- System according any of the previous claims, wherein said switch matrix, 
comprises a first switch matrix part (2) for charge balancing of cells and a 
second switch matrix part (2') for providing measurement connection to 
the charge measuring means. 

7- System according to any of the previous claims, wherein said battery 
cells (Ci- n ) are of Lithium-Ion material. 

8- A switch matrix as disclosed in the system of claim 1 or 6. 
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9- A method for management of charge in a battery pack (1) having a 
plurality of rechargeable cells (Cm), comprising the steps of measuring a 
charge in each one of said plurality of rechargeable cells (C^), switching 
current flow to and from each one of said plurality of rechargeable cells 
by means of a switch matrix (2) and providing electric charge for 

recharging a cell (C,; C p ) by means of a current controlled DC-DC 
converter means (4), characterized in that said current controlled DC-DC 
converter means (4) extracts charge from a first cell (Cj), or form an 
overall battery charge (V) and transfers said charge directly to a second 
cell {Cj; C p ) through said switching matrix (2). 

10- Method of claim 9, wherein said current controlled DC-DC converter 
means (4) draws electric energy from a cell (Ci.„) through said switch 
matrix (2). 

11- Method according to claim 9 or 10, wherein, said switch matrix (2) 
measures individual cell charges In cooperation with said charge 
measurement means (3). 
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3. Detailed Description of Invention 

The present invention relates to a system as well as a method for 
management of charge associated to Lithium-ion (Li-Ion) batteries. More 
particularly the invention is related to the management of the charge which is 
associated to the various cells which form a Ll-lon battery pack in such a way 
that charge is moved from higher voltage cells to lower voltage cells of said 
pack in a controlled manner, thus avoiding the need for dissipating the 
excess charge in the higher voltage cells. Furthermore, the system of 
invention makes use of a very simple circuit construction in order to obtain 
the desired results, said circuit being based on the use of a single DC/DC 
converter associated with a switch matrix, wherein the DC/DC converter uses 
internal sources of charge for charging cells. The invention is applicable 
particularly in, but not limited to, space industry applications. 

BACKGROUND OF THE INVENTION 

The use of Li-Ion battery technology is relatively new. The trend toward using 
such batteries is due to a number of advantages that are associated to such 
use, such as lower mass and size compared to known aqueous cells, 
reduced production cost and absence of capacitive effect. So far such 
batteries have been used in mobile phone sets, portable computers, video 
recorders and electric cars among others. 

A Li-Ion battery generally comprises a string of cells arranged in series 
connections in order to obtain the overall battery voltage. Battery capacity is 
defined in the first place by individual cell capacities and in the second place 
by the number of parallel individual cells. 

Li-Ion cells have specific constraints compared to classic battery cells: i.e. 
during use, the cell charge must be controlled in such a way that the cell 
charge does not decrease below a certain minimum voltage and also does 
not exceed a certain maximum voltage. Thus there is a range of permitted 
charge between a minimum charge value and a maximum charge value for 
each cell. Exceeding this range of permitted charge of the cell, either beyond 
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the lower (minimum) limit, or beyond the upper (maximum) limit may destroy 
the cell. 

Therefore there is a need to provide a management procedure for the Li-Ion 
battery in order to control the charge of each individual cell, based on a 
precise measurement of the cell charge. Such procedure would in principle 
be based on the following criteria: when the cell charge exceeds a certain 
value, charge has to be removed from the cell, and correspondingly, when 
the charge reaches a certain minimum value, charge must be added to the 
cell. This procedure is basically the classic approach of battery management 
known In the related art. These approaches are generally based on 
dissipating the excess charge found in the cell with a high voltage value into 
so-called bleeder resistors. The main drawback of this approach is that it 
leads to increased heat dissipation, which as a consequence gives rise to a 
poor system efficiency with respect to exploitation of the energy produced by 
the solar array. 

Attempts have been made in the related art so as to avoid heat dissipation 
during the management of the battery (or the cell) charge. A few approaches 
of such kind are suggested in the article published by IEEE, entitled 
"Dynamic equalization techniques for series battery stacks" by N.H. Kutkut, 
et a/, presented at the Eighteenth International Telecommunications Energy 
Conference (INTELEC), Boston, MA, USA, 6-10 Oct, 1996; pages 515-521, 
the content of which is incorporated herein by reference. 
According to one of the approaches taught in said document, charge 
equalization may be achieved by using isolated current controlled DC-DC 
converter modules across each battery cell. The drawback associated with 
this solution is that of using as many converters as battery cells, which 
increases substantially the complexity and cost of the circuit. 
Another approach suggested in the same document is the use of a 
centralized converter in association with multi-winding transformers. This 
solution also has the drawback of complexity and. high cost of the circuitry 
involved. 

Further solutions suggested by the mentioned document of the prior art are 
related to approaches which divert from the solution proposed by the present 
invention. 
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US Patent number 5.656,915 discloses a battery management arrangement 
in which use is made of a switching arrangement which lets current through a 
pre-selected group of cells within a battery pack. The cell groups which 
require to be charged are then connected to a charging source through the 
switching arrangement. Among the differences existing between the teaching 
of this document and that of the present invention mention may be made to 
the fact that the arrangement of the prior art document contemplates 
balancing the cells in a collective manner, namely charging is earned out to 
a group of cells which have been selected previously, and not to individual 
cells. Furthermore, according to the teaching of US-A-5,656,915, the excess 
charge obtained from cells with a high charge value is not transferred directly 
to cells with low value charge, but rather the excess charge is passed to an 
external RC circuit via a power bus and when the charge is passed, the 
group of cells with high value charge is disconnected. Next the group of cells 
with low charge value is connected via the power bus to the RC circuit and 
thus energy is transferred thereto by means of the new connection. So by 
storing the energy in an RC circuit in the interval between extracting charge 
from the high charge value cells and transferring charge to the low charge 
value cells, there should exit some heat loss within the RC circuit. This 
drawback In space applications is highly problematic as on the one hand it is 
intended to avoid energy loss, and on the other, any energy dissipation 
causing heat is highly undesirable. Finally it is to be noted that the overall 
system disclosed in said document is relatively complex. 
It is therefore desired to provide battery charge management of Li-Ion battery 
cells in an efficient and non-dissipative manner without a need to use 
complex circuitry. 

The above objective is reached by using the solution proposed by the 
present invention according to which charge is moved from battery cells 
having charge values above a predetermined upper threshold value to cells 
with charge values below a predetermined lower threshold value. Therefore 
excess charge is moved from high charged cells to low charged cells instead 
of dissipating it as heat. 
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This solution is achieved by means of a simple circuit construction which 
makes use of a single DC/DC converter in order to move the charge among 
cells. The movement of charge among cells is carried out by utilizing a switch 
matrix, capable of establishing connections among relevant cells via the 
DC/DC converter thus making the flow of charge possible. 
Furthermore, the same switch matrix is also used for Individual cell charge 
measurements in cooperation with a charge measurement means as will be 
explained further below. Said measurement is carried out using a simple 
algorithm by means of which all cells are consecutively addressed by said 
charge measurement means. Therefore it is made possible to map the 
charge condition of each cell at a given moment of time. 
Based on the mapping obtained, charge may be moved from cells with an 
excess charge value to cells which have a low charge value and thus require 
to be charged. 

Accordingly one object of the present invention is that of providing a system 
for management of charge in a battery pack having a plurality of 
rechargeable cells, the system comprising means for measuring charge in 
each one of said plurality of rechargeable cells, a switch matrix for switching 
current flow to and from each one of said plurality of rechargeable cells and 
a current controlled DC-DC converter means for providing electric charge for 
recharging a cell, characterized in that said current controlled DC-DC 
converter means is adapted for extracting change from a first cell, or from an 
overall battery charge and transfer said charge directly to a second cell 
mrough said switching matrix. 

According to an aspect of the present invention, said first cell of the battery 
pack has a charge level which is higher than a first predetermined level. 
According to another aspect of the present invention, said second cell of the 
battery pack has a charge level which is lower than a second predetermined 
level. 

According to a further aspect of the present invention, said current controlled 
DC-DC converter means is adapted for drawing electric energy from a cell 
through said switch matrix. 

According to still a further aspect of the present invention, said switch matrix 
is used for individual cell charge measurements in cooperation with said 
charge measurement means. 
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According to yet an additional aspect of the present invention, the switch 
matrix of the present invention comprises a first switch matrix part for charge 
balancing of cells and a second switch matrix part for providing 
measurement connection to the charge measuring means. 
According to still a further aspect of the present invention, said battery cells 
are of Lithium-Ion material. 

Another object of the present invention is that of providing a switch matrix as 
disclosed in the system of the present invention. 

Another object of the present invention is that of providing a method for 
management of charge in a battery pack having a plurality of rechargeable 
cells, comprising the steps of measuring a charge in each one of said 
plurality of rechargeable cells, switching current flow to and from each one of 
said plurality of rechargeable cells by means of a switch matrix and providing 
electric charge for recharging a cell by means of a current controlled DC-DC 
converter means, characterized in that said current controlled DC-DC 
converter means extracts charge from a first cell, or form an overall battery 
charge and transfers said charge directly to a second cell through said 
switching matrix. 

According to another aspect of the present invention, there is provided, a 
method for management of charge in a battery pack In which said current 
controlled DC-DC converter means draws electric energy from a cell through 
said switch matrix. 

According to still a further aspect of the present invention, said switch matrix 
measures Individual cell charges in cooperation with said charge 
measurement means. 

These and further advantages of the present Invention are explained in more 
detail in the following description as well as in the claims with the aid of the 
accompanying drawings. 
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EXAMPLES OF PREFERRED EMBODIMENTS 

According to the scheme shown in figure 1, a battery pack 1, has a plurality 
of cells Ci- n arranged in series connection. The battery pack 1 is in bi- 
directional connection with a switch matrix 2, having a plurality of switches 
Si-m, as shown in the figure by means of a double headed arrow. The switch 
matrix may be implemented by a relay matrix or be means of other known 
switching devices. 

As discussed further above, during normal operation the cell charge must be 
controlled in such a way that the cell charge does not decrease below a 
certain minimum value and also does not exceed a certain maximum value. 
Therefore it is needed to measure the charge level of each cell in a 
convenient manner so as to avoid overcharge or undercharge situations in 
the cells. 

A charge measurement means 3 is used for measuring the charge of the 
cells. Said charge measurement means 3 measures the charge of each cell 
by means of selective connections made thereto through the switch matrix 2. 
The charge measurement means 3 consecutively measures the charges in 
the cells Cm and maps the charge condition of each cell at a given time. The 
switch matrix is also in bi-directional connection with a current controlled DC- 
DC converter means 4. 

With this arrangement, the charge management process according to the 
present invention is preferably carried out in the fallowing manner. 
Based on the mapping of each cell charge, certain cells are detected to have 
charges , below a predetermined lower value, and others to have charges 
above a predetermined upper value. 

In figure 1, it is assumed that a cell, Cj has a charge level which is below a 
predetermined lower value such that it is necessary that said cell is provided 
with charge. The low level of charge of cell Cj is detected by the charge 
measurement means 3 which reads the charge in all the cells of the battery 
pack through the switch matrix 2. The charge measuring means 3 also 
detects the cells, Cj which contain excess charge, namely charge over a 
predetermined upper value. This information is provided in known manners 
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to a central processing unit not shown in the figure for simplicity. Next the 
switch matrix 2 provides a first connection, by closing an appropriate first 
single switch S k from the cell C| with excess charge to a current controlled 
DC-DC converter means 4. as well as a second connection, by closing a 
second single switch Si, from the current controlled DC-DC converter means 
4 to the cell Cj which was detected to have a charge value below said 
predetermined level. In this manner, connection is provided from the cell d 
with excess charge through switch S k to the current controlled DC-DC 
converter means 4 and from the latter, through switch St to the cell Cj which 
needs to be charged. Therefore, charge may flow from C t to Cj. The charge 
flow is continued until the receiving cell Cj is charged to a value within an 
admitted range of charge level. 

Figure 2 represents an alternative embodiment of the present invention. In 
this figure equal reference numerals have been given to equal parts as 
represented in figure 1. Likewise, the manner of measuring the charge of the 
cells Ci-n is carried out using the charge measuring means 3 through the 
switch matrix 2 as discussed in relation to the embodiment of figure 1 
In figure 2. the cell having the reference numeral Cp has a charge level below 
a predetermined lower value. However, in this embodiment, said cell C p 
receives charge flow which is obtained from the overall battery charge, and 
not form an individual cell. As it is clearly shown in figure 2, the current 
controlled DC-DC converter means 4 is directly connected to the overall 
battery charge output terminal V and moves the charge therefrom toward the 
cell the be charged C p through the dosed switch S q of the switch matrix. 
In this case, the inlet of the current-controlled DC-DC converter 4 is fixed at 
the battery overall voltage V and thus need not be switched. 
Figure 3 represents another alternative embodiment of the present invention. 
Again, in this figure equal reference numerals have been given to equal parts 
as represented in figure 1. Nevertheless the switch matrix is the present 
embodiment comprises two parts, 2 and 2'. According to the embodiment of 
figure 3, a first switch matrix part, 2, comprises a plurality of switches which 
are in charge of providing connections to and from the battery cells Ci.„ for 
charge balance processes, whereas a second switch matrix part, 2', is used 
for providing measurement connections to the charge measuring means 3. 



9$H820 0 2-2 3 8 1 7 1 



As an alternative approach, in any of the above embodiments, the current- 
controlled DC-DC converter may feed the excess charge to the overall 
battery pack. 

Furthermore, in order to suppress common mode voltage in the 
measurement of charge, a flying capacitor may be connected in parallel to 
the charge measurement means 3. 

The solution proposed by the present invention provides the advantage of 
substantially reducing power dissipation which leads to increased system 
efficiency and reduces thermal problems. Furthermore the solution of the 
invnetion permits reduced battery management complexity as only one 
single DC/DC converter is used. 

4. Brief Description of Drawings 

Figure 1 is a schematic representation of a first embodiment of a battery 

management system according to the present invention. 

Figure 2 is a schematic representation of an alternative embodiment of a 

battery management system according to the present invention. 

Figure 3 is a schematic representation of another alternative embodiment of 
a battery management system according to the present invention. 
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1 . Abstract 

System and method for management of charge in a battery pack (1 ) having a 
plurality of rechargeable cells (Ci. n ), means for measuring charge (3) in said 
plurality of rechargeable cells (Ci.n), a switch matrix (2) for switching current 
flow to and from said rechargeable cells and a current controlled DC-DC 
converter means (4) for providing electric charge for recharging a cell. The 
invention is characterized in that said current controlled DC-DC converter 
means (4) extracts charge from a first cell (C|), or from an overall battery 
charge (V) and transfers said charge directly to a second cell (Q; C p ) through 
said switching matrix (2) thus avoiding substantial power dissipation. 

2. Representative Drawing 
Fi g. 1 
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